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The invention relates to improvements in lens
systems and particularly is directed to lens sys-
tems employed in photography and having a rela-
tively large aperture.

It has been proposed heretofore to compose a
lens system having a relatively large aperture of
three lens units separated from each other by air
spaces, and in which the first unit, which faces
the subject to be photographed, and the last or
third unit which faces the picture window, are
collective units, while the center unit is a menis-
cus-shaped unit comprising a number of lenses
cemented together and-having its convex outer
face directed toward the first unit.

Recent investigations have disclosed that it
is practically possible to obtain with a lens sys-
tem of this type not only relative large apertures,
but also an excellently sharp definition of the
images, there remained, however, always an ir-
removable trace of image distortion after all other
image error are removed as far as possible.

It is now an object of the present invention
to compose a lens system having a large relative
aperture of four lens units separated from each
other by air spaces and in which the first, third
and fourth unit are collective units, the outer
face of the third unit directed toward the fourth
unit or the image being convex. Preferably, the
third lens unit is composed of a plurality of lenses
cemented together and is provided with at least
one collective cemented face. The second lens
unit is composed of a meniscus shaped lens unit
curved toward the first lens unit and provided
at least with one dispersive cemented face.

In accordance with the invention the fourth
collective lens unit, added to the above mentioned
known three lens unit system and separated from
the same by an air space, will result in a com-~
plete removal of the image distortion error even
for larger picture angles without reducing the
extremely sharp definition of the image.

In the drawing: :
Fig. 1 illustrates diagrammatically the outlin
of the axial cross section of a lens system of the

prior art (see Letters Patent No. 1,9'75,678).

Fig. 2 illustrates diagrammatically and by way
of example the outline of the axial cross section
of a lens system of the present invention and
having the same sharp definition of the image as
the lens system disclosed in Fig. 1.

Figure 3 illustrates diagrammatically the out-
line of the axial cross section of another form
of the present invention.

Referring to Fig. 1, the lens system consists of
three lens units separated from each other by
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air spaces Iy and Iz respectively, The first lens
unit—so named because it faces the subject to
be photographed—is a collective lens L: (d1) hav-
ing the convex face Ri1 and the concave face Ra,
which latter face is directed rearwardly. The
second lens unit comprises two positive lenses
La (d2), and Ls (d3) respectively, and one nega-
tive lens Ls (d4) all cemented together to form a
meniscus which is curved toward the front unit.
The positive lens Is-(ds) between the two lenses
Lz (d2) and L4 (d4) is made of a lower refractive
kind of glass than the two lenses to which it is
cemented, as indicated by the numerical state-
ment nd=1,4892 in the example following this
description of Fig. 1. 'The concave face Rs of the
lens 14 (ds) has a smaller radius of curvature
than the outer convex face R3 of the lens Is (d3).

The third lens unit consists of three lenses Is
(ds), I, (ds) and La (d7) all cemented together.
The lens Ls (ds) which faces the air space Iais a
negative lens and has a lower refractive index,
namely nd=1,5232, than the positive lens Ls (ds)
to which it is cemented. The lens Ls (ds) in turn
is cemented to the concavo-convex lens L» (d7)
whose outer convex face Rio has a larger radius
of curvature than its concave face Ras.

A lens system of this type having a relative
aperture of 1:1,56 and a focal length f=100 mm.,
may have the following data:

Ry =+ 69,21
di= 9,33
By =1433,84

U= 0,38,
R; =+ 35,86

di=11,81
Ry =+ 85,78

&= 7,05
Ry =—646,31

di= 1,90
Ry =+ 23,51

l3=15, 4.
Ry =00

Ry =+ 51,09 d= 248
de==18, 81
BB w
Riyy=-103,13
Fig. 2 illustrates a lens system in accordance
with the present invention and having also a
relative aperture of 1:1,5 and a focal length of
f=100 mm. The lens system consists of four
lens units separated from each other by air spaces
I1, I2 and I3 respectively. The first three lens
units have substantially the same general shape
and arrangement as the lens system of Fig. 1,
except that according to the specific numerical
example described hereinafter a few radii of
curvature of a few lenses are different. 'The
fourth lens unit which forms the novel feature

nd=1,6710 p=47,2

ad=1, 6710
nd=1, 4892
nd=1, 7394

9=47,2
0=70,1
=28, 2

nd=1, 5232
nd=1, 6578
nd=1, 5894

0=50,9
9==51,2
0=261,2
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of this lens system consists of a single collective
lens Ls (ds) whose outer face Ris directed toward
the picture plane has a larger radius of curvature
than the other face Rnu directed toward the third
lens unit composed of the lenses Ls (ds), Le (de)
and I (d7).

The complete optical data of the lens system of
Fig. 2 may be as follows:

R; = 65,18
di= 9,30 nd=1,0089 r=48,8
Ry =322, 58
h=0,23
Ry = 35,88
By wt 131 d1=11,10
dy= 7.40
R =moo

da= 1,90
Ry =4 23,38
B =1014,00 {3=15, 56
R1 + 83,13 di= 3,04
! dy=10,02
By =— 22,00
. dr= 2,37
Riy=—227,7

ly= 0,10
Rin=+272,8

ds= 4,50
Ry=co

This lens system will reproduce the picture
with the same sharpness as the lens system of

nd=}1, 6689
nd=1, 4645
nd=1,7219

om48,8
o==085,7
o=28,7

nd=1, 5325
nd=1, 6689
nd=1, 6043

p=44,2
v=48,8
o=56,3

nd=1,6380 p=48 8

"PFig. 1, but with much smaller distortion.

While in both disclosed lens systems the third
lens unit Ls (ds), Le (ds), L7 (d7) is composed
of three lenses all cemented together, it is also
possible in cases where the demands for quality

_ are more moderate to emp'oy as a third lens
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unit a single uncemented lens as illustrated in
Figure 3.

What I claim is: .

1. Alens system of large relative aperture com-
prising four axially aligned lens units separated
from each other by air spaces, the front unit
being a simple collective lens, the second unit
next to said front unit being made up of at least
one nositive lens and one negative lens cemented
together to form a dispersive meniscus curved
toward the front unit and containing at least
one dispersing cemented face, one of said posi-
tive lenses having a lower refractive index than
the negative lens which faces the second air
space. the concave outer face of said meniscus
having a smaller radius of curvature than the
convex outer face of the same, the third lens
unit comprising a single collective lens having a

convex face directed rearwardly toward the

fourth lens unit, and the fourth lens unit con-
sisting of a simple collective lens the convex face
of which facing the third lens unit having a
smaller radius of curvature than the outer face
directed rearwardly, the fourth lens unit having
a greater focal length as compared to the length
of the system as a whole and spaced from the
third lens unit a distance less than the air spac-
ings of any of the other lens units, said units
having their radii, focal powers and axial spac-
ing cooperatively co-related to the focal length
of the lens system as a whole to give larger rela-
tive aperture and lower distortion error for larger
picture angles.

2. A lens system of large relative aperture
comprising four axially aligned lens units sepa-

rated from each other by air spaces, the front

unit being a simp'e collective lens, the second
unit next to said front unit being made up of at
least one positive lens and one negative lens ce-
mented together to form a dispersive meniscus
curved toward the front unit and containing at
least one dispersing cemented face, one of said
positive lenses having a lower refractive index

2,186,621 , »
than the negative lens which faces the second air

space, the concave outer face of said meniscus.
having a smaller radius of curvature than the
convex outer face of the same, the third lens
unit comprising a single collective lens having
a convex face directed rearwardly toward the
fourth lens unit, and the fourth lens unit con-
sisting of a convexo-plane lens, the convex face
of which is directed toward the third lens unit,
the fourth lens unit having a greater focal length
as compared to the length:of the system as a
whole and spaced from the third lens unit a dis-
tance less than the air spacings of any of the
other lens units, said units having their radii,
focal powers and axial spacing cooperatively co-
related to the focal length of the lens system as
a whole to give larger relative aperture and lower
distortion error for larger picture angles.

3. A lens of the character described, compris-~
ing four lens units in axial alignment and sepa-
rated by air spaces, the first, third and fourth
units being collective and the second unit being
dispersive, the first and fourth units being sim-
ple lenses, the second and third units being com-
posed of a plurality of cemented components,
the second unit being of meniscus shape and in-
cluding one dispersive cemented face, the third
unit including one collective cemented face, the
fourth lens unit having a greater focal length as
compared to the focal length of the system as a
whole and being spaced from the third unit a
distance less than the air spacings of any of the
other units, said units having their radii, focal
powers and axial spacing cooperatively co-re-
lated to the focal length of the lens system as
a whole to give larger relative aperture and lower
distortion error for larger picture angles.

4. A lens system of the character described,
comprising four axially aligned lens units sepa-
rated from each other by air spaces, the first,
third and fourth units being collective and the
second unit being dispersive, the first and fourth
units being simple lenses, the second unit being
composed of a plurality of cemented components,
the second unit being of meniscus shape and
including one dispersive cemented face, the
fourth lens unit having a greater focal length
as compared to the focal length of the system as
a whole and being spaced from the third lens
unit a distance less than the air spacings of any
of the other lens units, said units having their
radii, focal powers and axial spacing cooper-
atively co-related to the focal length of the lens
system as a whole to give -larger relative aper-
ture and lower distortion error for larger picture
angles,
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5. A lens of the character described, compris-

ng four lens units in axial alignment and sepa-

rated by air spaces, the first, third and fourth
units being collective and the second unit being
dispersive, the first and fourth units being sim-
ple lenses, the second and third units being com-
posed of a plurality of cemented components,
the second unit being of meniscus shape and
including one dispersive cemented face. the third
unit including one collective cemented face, the
fourth lens unit having a greater focal length
as compared to the focal length of the system
as a whole and said units having their radii, focal
powers and axial spacing cooperatively corelated
to the focal length of the lens system as a whole
to give larger relative aperture and lower distor-
tion error for larger picture angles. i
6. A lens system of the character described,
comprising four axially aligned lens units sepa-
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rated from each other by air spaces, the first,
third and fourth units being collective and the
second unit being dispersive, the first and fourth
units being simple lenses, the second unit being
composed of a plurality of cemented components,

the second unit being of meniscus shape and in- -

cluding one dispersive cemented face, the fourth
lens unit having a greater focal length as com-

pared to the focal length of the system as a whole,
said units having their radii, focal powers and
axial spacing cooperatively corelated to the focal .
length of the lens system as a whole to give

larger relative aperture and lower distortion 8

error for larger picture angles.

LUDWIG BERTELE,



